INTRODUCTION
============

The endophytic fungi are microorganisms that invade the tissues of plants during their life cycle without causing disease symptoms, and many are important in biotechnological processes ([@b2]), producing a high diversity of substances with potential medical, agricultural, and industrial application ([@b24], [@b29], [@b36], [@b51], [@b53]). The isolation, culture, and characterization of some endophytes have provided opportunity for discovery of novel antibiotics, antimycotics, immunosuppressants, and anticancer compounds, among other products ([@b54]). Colutellin A, for example, is a novel antimycotic peptide, produced by a species of *Colletotrichum* (*C. dematium*) recovered as endophytic from a *Pteromischum* species growing in a tropical forest in Costa Rica ([@b44]); from *C. gloeosporioides*, endophytic of *Viguiera robusta* Gardn. (Asteraceae), eight biologically active substances were isolated ([@b7]), showing the potential of the endophytic fungi. Possibly present in all terrestrial plant species, the fungal endophytes are distributed in temperate ([@b6], [@b12], [@b16], [@b17], [@b18], [@b19]) and tropical ([@b9], [@b21], [@b28], [@b47], [@b55], [@b56]) regions, in different biomes and ecosystems, including mangroves ([@b20], [@b26], [@b27], [@b28], [@b32], [@b55]). Plants from this particular ecosystem present a consortium of soil, marine, and freshwater fungi ([@b1]). However, not much is known about endophytic fungi in mangroves, which is a peculiar habitat, in many cases exposed to hard man pressure.

Considering the absence of records regarding endophytic fungi in Brazilian mangroves a survey in leaves of *Avicennia schaueriana* Stapf. & Leechman (black mangrove), *Laguncularia racemosa* (L.) Gaertn. F. (white mangrove), and *Rhizophora mangle* L. (red mangrove) was performed at the Northeast coast of the country. Studies to investigate the relations between occurrence of these organisms, hosts, and season were also performed.

MATERIALS AND METHODS
=====================

Leaves were collected from a mangrove area at the Itamaracá Island, north coast of the State of Pernambuco (7^o^34\`00\`\` - 7^o^ 55\`16\`\`S, 34^o^48\`48\`\` - 34^o^52\`24\`\`W), Northeast Brazil. This estuarine system covers an area of 82 Km^2^. The weather is tropical rainy with dry summer (September to February) and a rainy season (March to August), average temperature 28^o^ C, \> 80% humidity, and precipitation 1.870mm/year.

Two collections were undertaken during the dry season (November and February) and two during the rainy season (June and July). Samples of healthy mature living symptomless leaves from two mature trees of three common mangrove species of different families (*Avicennia schaueriana* -- Avicenniaceae, *Laguncularia racemosa* - Combretaceae, and *Rhizophora mangle*-- Rhizophoraceae) were chosen at random, collected, stored in a cool box above ice, taken to the laboratory and processed. The leaves, in a total of 18/collection, were washed thoroughly in running water, surface sterilized in 70% ethanol (5 s), immersed in 4% NaOCl (90 s), rinsed in sterile distilled water for 10 s) ([@b12]) and from each leaf lamina, six pieces approx 0.5 mm^2^ were excised from the tip, middle and base; each set of subsamples was placed onto a half-strength Potato dextrose agar (PDA) (plus chloranphenicol) Petri plate. All plates were maintained at room temperature (28^o^± 1) and daily examined during four weeks for fungal colonies growing from the leaf fragments. For each collection 108 segments were examined and the endophytic fungi that grew from each leaf segment transferred to glass tubes with PDA for identification. To induce sporulation some fungi were transferred to other growth medium such as Malt agar, Oatmeal agar, Czapek and Sabouraud, and some exposed to UV-light for 30 s.

The frequency of occurrence of each fungus was determined and the Qui Square test used to evaluate significant differences in number of colonies in each plant species and season. The Z test (*P* \<0.5) was applied to detect differences in the total number of colonies in the dry and rainy seasons and in number of colonies obtained from leaves of *Laguncularia racemosa* between the seasons. The similarity of fungi between the plant species was estimated by the Sorensen index. Diversity and equitability were determined by the Shannon index and species dominance obtained by the Berger-Parker index. The EPI-INFO program ([@b13]) was used for the statistical analysis.

RESULTS
=======

From the three plant species (432 leaf fragments), 246 fungal colony forming units (CFU) were obtained and 24 species of endophytic fungi belonging to 19 genera were identified, most in the anamorphic (Hyphomycetes) group. Despite many attempts using different culture media, 15 isolates did not sporulate being classified as Mycelia sterilia and distinguished based on color (dark or light mycelium) and morphological aspect of the colonies. From those, two were from leaves of *A. schaueriana* and seven and eight from *L. racemosa* and *R. mangle*, respectively.

The highest numbers of CFU were from *Guignardia* sp. and *Colletotrichum gloeosporioides*, with 55 and 40 colonies, respectively. Fifty colonies of *Guignardia* were isolated from leaves of *L. racemosa* and only five from *R. mangle*. Most of the 37 colonies of *C. gloeosporioides* were originated from leaves of *A. schaueriana*, mainly in the dry season, and only three were isolated from *L. racemosa,* in the rainy season. *Phomopsis diachenii*, *Phyllosticta* sp. and *Nodulisporium gregarium*, *Glomerella cingulata* and *Phomopsis archeri* were the other most representative species recorded in the study ([Table 1](#tbl1){ref-type="table"}).

Leaves of *L. racemosa* hosted the highest number of CFU and taxa (108 and 20, respectively), in both seasons, followed by *A. shaueriana*, from which 13 taxa (2 Mycelia sterilia) and 93 CFU were isolated. From leaves of *R. mangle* only six species (plus 8 Mycelia sterilia) were identified from 45 CFU ([Table 1](#tbl1){ref-type="table"}).

###### 

Colony forming units (CFU) of endophytic fungi isolated from leaves of Avicennia schaueriana (A), Laguncularia racemosa (L) and Rhizophora mangle (R) during the dry (D) and rainy (R) seasons of 2001 and 2002, at the Paripe River mangrove, Itamaracá Island, PE, Brazil

  Genus/Species                                                               Dry   Raining                       
  --------------------------------------------------------------------------- ----- --------- ---- ---- ---- ---- -----
  *Chloridium virescens* var. *virescens* (Pers.) W. Gams & Hol. -- Jech. -   \-    \-        \-   1    \-   \-   1
  *Colletotrichum gloeosporioides* (Penz.) Penz. & Sacc.                      26    \-        \-   11   3    \-   40
  *Fusarium lateritium* Nees                                                  \-    1         \-   \-   \-   \-   1
  *Glomerella cingulata* (Stoneman) Spauld. & H. Schrenk                      1     1         \-   11   2    2    17
  *Guignardia* sp.                                                            \-    31        \-   \-   19   5    55
  *Hormonema* anamorph *Dothiora europaea* Froid.                             \-    4         \-   \-   \-   \-   4
  *Microsphaeropsis arundinis* (S. Ahmad) B. Sutton                           \-    4         \-   \-   \-   \-   4
  *Nodulisporium* anamorph *Hypoxylon fragiforme* Pers. ex Fr.                \-    \-        \-   \-   1    \-   1
  *Nodulisporium gregarium* (Berk. & M. A.Curtis) J. A. Mey.                  \-    \-        1    15   \-   3    19
  *Penicillium pinophilum* Hedgcock                                           \-    \-        \-   \-   5    \-   5
  *Periconia cambrensis* E. W. Mason & M. B. Ellis                            \-    \-        2    \-   \-   \-   2
  *Periconia* anamorph *Didymosphaeria igniaria* C. Booth                     \-    \-        \-   2    \-   \-   2
  *Phoma eupyrena* Sacc.                                                      \-    1         \-   \-   \-   \-   1
  *P. herbarum* Westend.                                                      \-    \-        \-   \-   1    \-   1
  *Phomopsis archeri* B. Sutton                                               8     4         \-   1    2    \-   15
  *P. diachenii* Sacc.                                                        5     19        \-   \-   \-   \-   24
  *P. obscurans* (Ellis & Everh.) B. Sutton                                   \-    2         \-   \-   \-   \-   2
  *Phyllosticta* sp.                                                          \-    \-        17   \-   \-   2    19
  *Preussia minima* (Auersw.) Arx                                             \-    \-        \-   1    \-   \-   1
  *Scopulariopsis sphaerospora* Zach                                          1     \-        \-   \-   \-   \-   1
  *Sordaria prolifica* Cailleux                                               6     \-        \-   \-   \-   \-   6
  *Sphaerosporium equinum* (Desm.) J. L. Crane & Schokn.                      \-    \-        5    \-   \-   \-   5
  *Torula ellisii* Yadav & Lal                                                \-    \-        \-   2    \-   \-   2
  *Trichoderma pseudokoningii* Rifai                                          \-    \-        \-   \-   1    \-   1
  Mycelia sterilia white I                                                    \-    \-        1    \-   \-   \-   1
  Mycelia sterilia white II                                                   \-    \-        1    \-   \-   \-   1
  Mycelia sterilia white III                                                  \-    1         \-   \-   \-   \-   1
  Mycelia sterilia white IV                                                   \-    1         \-   \-   \-   \-   1
  Mycelia sterilia white V                                                    \-    \-        \-   \-   2    \-   2
  Mycelia sterilia white VI                                                   \-    \-        \-   \-   \-   1    1
  Mycelia sterilia white VII                                                  \-    \-        \-   \-   1    \-   1
  Mycelia sterilia white VIII                                                 \-    \-        \-   \-   \-   1    1
  Mycelia sterilia white IX                                                   \-    \-        \-   \-   \-   1    1
  Mycelia sterilia white X                                                    \-    \-        \-   1    \-   1    2
  Mycelia sterilia darkl                                                      \-    \-        1    \-   \-   \-   1
  Mycelia sterilia darkll                                                     1     \-        \-   \-   \-   \-   1
  Mycelia sterilia darklII                                                    \-    1         \-   \-   \-   \-   1
  Mycelia sterilia darklV                                                     \-    \-        \-   \-   \-   1    1
  Mycelia sterilia dark V                                                     \-    \-        \-   \-   1    \-   1
  TOTAL                                                                       48    70        28   45   38   17   246

*Glomerella cingulata* was the only species isolated from the three plant hosts. *Guignardia* sp. was mostly isolated from *L. racemosa* (50 CFU), *C. gloeosporioides* (37 CFU) from *A. schaueriana* and *Phyllosticta* sp. (19 CFU) from *R. mangle*, the only host from which it was isolated.

During the dry season *C. gloeosporioides*, from leaves of *A. schaueriana* (54.2%), *Guignardia* sp. from *L. racemosa* (44.3%) and *Phyllostica*, from *R. mangle,* were the most frequently isolated species, while in the rainy season this occurred with *N. gregarium* (33.3%) and *Guignardia* (50% and 29.4%), isolated respectively from leaves of *A. schaueriana, L. racemosa*, and *R. mangle*. The proportional importance of the species was confirmed by the Berger-Parker dominance index. In leaves of *A*. *schaueriana, C. gloeosporioides* (pi = 0.54), *P. archerii* (pi = 0.16), *S. prolific* (pi = 0.12) and *P. diachenii* (pi = 0.104) were the most dominant in the dry season, while *G. cingulata* (pi = 0.44), *N. gregarium* (pi = 0.33), and *C. gloeosporioides* dominated the population in the rainy season. In leaves of *L. racemosa*, the dominants in the dry and rainy season were respectively: *Guignardia* sp. (pi = 0.44) and *P. diachenii* (pi = 0.27) and *Guignardia* sp. and *P. pinophilum*. Regarding leaves of *R. mangle, Phyllosticta* sp. (pi = 0.60) and *S. equinum* (pi = 0.17) in the dry season and *Guignardia* sp. (pi =

0.29), *N. gregarium* (pi = 0.17), and both *Phyllosticta* sp. and *G. cinculata* (pi = 0.11) in the rainy season were the dominant species. The other species presented a low (\< 0.1) dominance index or were not proportionally important.

The Shannon Diversity Index in the dry season was H'= 1.035, and a little lower in the rainy season (H'= 1.026). In relation to species equitability, the highest index (Shannon) was registered during the rainy season, in *Rhizophora* (J = 0.91). For this host, in the dry season the value was much lower (J = 0.65). For *Avicennia* the index of equitability of fungi varied from 0.70 to 0.76 and in *Laguncularia* from 0.67 to 0.73, respectively in the dry and rainy season.

The number of CFU ([Fig. 1](#fig1){ref-type="fig"}) did not differ between the dry and the rainy seasons in leaves of *A*. *schaueriana* and *R. mangle* (X^2^ = 3.8) but significant difference occurred in leaves of *L. racemosa* (p = 0.025; Z = 2.235. p = 0.05). When the two periods were compared, considering the three hosts, a significant difference on CFU was registered (p= 0.008; Z = 2.645. p = 1.0).

The similarity of fungal species between the two seasons reached only 4.2%, and that between the hosts was also low, as follows: *L. racemosa* and *R. mangle* = 11.7%; *A. schaueriana* and *R. mangle* = 12.2%; *A. schaueriana* and *L. racemosa* = 24.2%.

![Fungal colony forming units (CFU) of endophytic fungi in *Avicennia schaueriana* (A), *Laguncularia racemosa* (L) and *Rhizophora mangle* (R) isolated during dry and rain seasons. Small letters compare the seasons with CFU of each host. Capital letters compare the CFU among the hosts independently of the seasons.](bjm-43-1165-g001){#fig1}

DISCUSSION
==========

The most common isolation of anamorphic and sterile fungi (Mycelia sterilia) in relation to Ascomycota or Basidiomycota teleomorphs agree with data obtained in other studies ([@b41], [@b43]) including some in mangrove communities with *Rhizophora apiculata* and *R. mucronata* ([@b55]), and *Aegiceras corniculatum, Avicennia marina, A. officinalis, Bruguiera cylindrical, Ceriops decandra*, *Excoecaria agallocha* and *Lumnitzera racemosa* ([@b26]). The number of species identified as endophyte varies among the studies and in some cases high number of samples does not imply in high species richness. Rodrigues and Samuels ([@b49]) recovered only 13 species from 1512 samples of *Spondias mombin*, while 22 species were indentified in 630 samples of *Manikara bidentata* ([@b28]). In our study, 24 species were identified from 432 leaf fragments what indicates that the data fits the expected results. Many factors are associated with differences on number of recovered endophytic species, among which the size of the fragment, the part of the plant, difficulties for identification, etc.

A high number of cultures did not sporulate as also reported in other studies with endophytes ([@b41], [@b43], [@b56]). The artificial culture media do not offer the same set of conditions to which the fungi are adapted in the special microhabitat found in their host plants.

Some studies have suggested that geographical rather than plant-linked factors may be more important in determining species composition ([@b9]). However, certainly the host species contributes for establishment of the fungi, considering that its community differs among plants growing in the same area, as found in the studied mangrove, where the similarity index of fungi between the plant species was relatively low.

A host preference pattern was not identified, as observed also in other studies with tropical endophytic fungi ([@b9]) and some of the species reported in only one host were in fact rarely found. But it is worth mention that two of the hosts (*A. schaueriana* 93 CFU and *L. racemosa* 108 CFU) presented a number of colonies distinctly higher than the other (*R. mangle* 45 CFU), indicating that some factors, not identified, make *A. schaueriana* and *L. racemosa* more suitable for the establishment of fungal endophytes than *R. mangle*. On the other hand, this was not confirmed by the species richness, similar between *A. schaueriana* and *R. mangle* and substantially higher in *L. racemosa*.

*Colletotrichum gloeosporioides* was isolated only from two hosts although its teleomorph (*G. cingulata*) had been isolated from the three hosts. Similar results were obtained with *Phyllosticta* sp., found only in one of the hosts (*R. mangle*) while its teleomorph (*Guignardia* sp.) was isolated from *R. mangle* and *L. racemosa,* where it dominated the population of fungi. Usually the anamorphic phase is more common than the teleomorphic, but the results show that the environmental/cultural conditions were suitable for expression of the complete (sexual) life cycle of these fungi.

*Glomerella cingulata, Guignardia* sp. and their anamorphs are among the most common endophytic fungi in many subtropical and tropical hosts ([@b26], [@b27], [@b28], [@b37], [@b38], [@b41], [@b43], [@b55], [@b49]), as also occurs with *Fusarium* ([@b9], [@b18], [@b19], [@b30]). *Fusarium lateritium,* however, was found only in Compositae ([@b41]), and this study confirms its endophytic status. *Colletotrichum* sp., *Acremonium* sp. and *Penicillium* sp. dominated as endophytes in two halophyte plants in a West Coast mangrove of India ([@b5]), and an endophytic isolate of *C. gloeosporioides* has been shown to produce antifungal metabolites ([@b23]).

Species of *Microsphaeropsis* were isolated from Compositae ([@b20]) and Palmae ([@b21]), but the genus is typically found as saprobe and parasite of terrestrial plants and rarely found as endophytic in the tropics; *M. arundinis*, isolated in this study, was never cited as such. Reports also show *M. arundinis* as the causal agent of infections in human ([@b40]) and animals ([@b25]).

Although many species of *Aspergillus* and *Penicillium* are endophytic ([@b30]) in this study no species of *Aspergillus* were isolated and only one species of *Penicillium* (*P. pinophilum*) was identified. *P. pinophilum* is an important producer of enzymes and secondary metabolites, some of which are promising to include in strategies for treatment of cancer ([@b3], [@b8]). Interestingly, *P. pinophilum* was recently found forming arbuscular mycorrhiza with strawberry 'Zoji' (*Fragaria × ananassa* Duch. CV.), and this seems to be the first report of a fungus that do not belong to the Glomeromycota forming arbuscular mycorrhiza ([@b14]).

*Periconia* anamorph of *Didymosphaeria igniaria* was previously recognized as endophyte in Compositae and Leguminosae ([@b5], [@b41], [@b43], [@b45]). Recently *D. igniaria* was indicated as a promising biocatalyst, useful for the reduction of aryl-aliphatic ketones ([@b57]).

Other common endophytes are *Trichoderma* ([@b9], [@b20], [@b21], [@b28], [@b48], [@b49]), *Phoma*, *Phomopsis* ([@b59], [@b19], [@b21], [@b27], [@b30], [@b36], [@b41], [@b42], [@b45], [@b46], [@b49], [@b52], [@b55]) and many xylariaceous fungi such as *Nodulisporium* anamorph *Hypoxylon fragiforme* ([@b4], [@b19], [@b41], [@b46]). However, this is the first report of *T. pseudokoningii*, *Phoma eupyrena*, *Phomopsis diachenii* and *P. obscurans*, which are well known parasites ([@b30], [@b31], [@b35], [@b36]), as endophytic in tropical hosts. The same occurs with *Chloridium virescens var. virescens, Scopulariopsis sphaerospora, Sphaerosporium equinum, Sordaria prolifica*, and *Torula ellisii*. *Chloridium virescens var. virescens,* a typical saprophyte, was reported in leaf litter in Brazil ([@b11], [@b22]).

Some genera of endophytic fungi isolated in this study are known as pathogenic in several plants, including mangrove species: *Phyllosticta, Colletotrichum, Glomerella* and *P. eupyrena* were reported as causing necrosis or leaf spots in *Avicennia germinan*, *L. racemosa,* and *R. mangle*, respectively. *Fusarium, Penicillium, Trichoderma, Scopulariopsis, Phoma* and *Phomopsis* were also found as pathogens on such plant hosts ([@b15], [@b34]). In spite of being pathogens, several fungi are primarily endophytic, behaving as latent pathogens and later turning epiphytic and expressing pathogenicity, with the endophytism representing a phase in their life cycle ([@b41]). For some, "the endophytes, in contrast to known pathogens, generally have far greater phenotypic plasticity and thus more options than pathogens: infection, local but also extensive colonization, latency, virulence, pathogenicity and (or) saprophytism" ([@b50]). Coprophylous fungi can also be found as endophyte and, among them *Sporormiella minina*=*Preussia minina*, found only once in this study, is the most recorded ([@b20], [@b26], [@b41], [@b55]).

Usually one to a few taxa of endophytic fungi predominate in a single host ([@b26], [@b55]), what can be the result of specificity for tissues ([@b43], [@b46]) and hosts ([@b26], [@b55]). Other factors such as competition for space and antagonism should also be considered. The results showed that a few species dominated the population in the three host plants and from these *G. cingulata* and its anamorph (*C. gloeosporioides*), *P. diachenii, Guignardia* sp. *Phyllosticta* sp., and *N. gregarium* were more common.

Differences in number of CFU and richness of fungi, higher in *L. racemosa* in comparison with the other hosts may express host characteristics. Species of Rhizophoraceae have high concentration of tannin, a phenolic substance that can inhibit fungal growth and members of *Avicennia* present high concentration of salt on their leaves ([@b58]), what probably select the endophytic mycota.

Our data showing higher number of CFU during the dry season differ from that of other authors ([@b47], [@b55]), who isolated more endophytic fungi during the rainy season. However, the year of our collection was atypical, with high rates of precipitation during the usually "dry season". In other study ([@b21]) populations of endophytic fungi were not affected by the seasons of the year. Maria and Sridhar ([@b33]) found significant differences in the species diversity and expected number of species between the seasons in studies of wood litter at a mangrove stand of Southwest coast of India. Probably the community of fungi in the litter reflects also that found as endophytic which can live as saprophyte when parts of the plant fall down.

Some records of endophytic fungi producers of important compounds have no identification ([@b10]), others that deal with diversity present the endophytic fungi at genus and sometimes family levels what makes it difficult to compare the studies, but it is evident the high diversity of fungi living into plant tissues. The problems for sporulation of many taxa and the decreasing number of taxonomists contribute for incomplete identifications but should not impair the investigations about this interesting group of fungi, known for its high biotechnological potential, as source of bioactive and chemically novel compounds which can be employed in agricultural, industrial and medical areas. Further investigations will be performed in order to better characterize the biotechnological potential of the endophytes isolated in this study.
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